Summary The diffusing capacity and cardiac output were measured in 18 normal subjects and in 5 patients with pulmonary silicosis. These values were found to be in a close correlation with each other, suggesting that the overall reaction rate of CO with the red cell including diffusion and chemical reaction is almost identical among normal subjects. Thus, assuming that the overall reaction rate is constant, a simple method of estimating the contact time was tested. The overall rate was determined by referring to both the data on reaction rate obtained by FUKUI and KAKIUCHI and the data on DLCO obtained by KRUHOFFER and FORSTER et al. The contact time obtained was 1.9sec, on an average, in normal subjects and the mean capillary blood volume was 134ml.
Summary The diffusing capacity and cardiac output were measured in 18 normal subjects and in 5 patients with pulmonary silicosis. These values were found to be in a close correlation with each other, suggesting that the overall reaction rate of CO with the red cell including diffusion and chemical reaction is almost identical among normal subjects. Thus, assuming that the overall reaction rate is constant, a simple method of estimating the contact time was tested. The overall rate was determined by referring to both the data on reaction rate obtained by FUKUI and KAKIUCHI and the data on DLCO obtained by KRUHOFFER and FORSTER et al. The contact time obtained was 1.9sec, on an average, in normal subjects and the mean capillary blood volume was 134ml.
In patients with silicosis the diffusing capacity was markedly reduced in parallel with the cardiac output, so that the calculated contact times were distributed within a range similar to those of normal subjects. The capillary blood volume showed a significant decrease, suggesting that the diffusion impairment may have been caused by the reduction of the capillary blood volume.
As a result of the studies by ROUGHTON, FORSTER and their associates (ROUGH-TON, 1945a, b; FORSTER et al., 1957) , it has become clear that the CO uptake in the lung is limited, more or less, by the combination rate of CO with hemoglobin (Hb) in the red cell. Moreover, using the relation between the above reaction rate and PO2, they developed a method by which the CO diffusion rate across the alveolar membrane can be dealt with separately from its reaction rate with the red cell. In their method they assumed that the diffusion rate was related to diffusibility and surface area of the alveolar membrane. However, as long as the uptake rate of CO is considered as the overall reaction rate of CO with the red cell, the diffusion barrier should be restricted to the region around the red cell. In other words, the diffusion rate in the lung, or, more precisely, the diffusion component of the diffusing capacity, DLCO (DL), may be explained better as the rate of the total diffusion taking place around the total red cells flowing through the entire pulmonary capillaries for a unit time. Thus, the total diffusion rate should be proportional to the number of flowing red cells, i. e., the cardiac output, when the hematocrit value is constant.
Recently, MOCHIZUKI (1968) and KOYAMA and MOCHIZUKI (1969a) derived a theoretical equation for DL as follows: (1) where Q is the cardiac output, t, the contact time, Ht the hematocrit value, FM the velocity factor of CO diffusion across the diffusion barrier around red cells of 1ml in the pulmonary capillary, and Fc the velocity factor of the combination reaction of CO with the blood red cells of 1ml. Eq. (1) shows that the DL is proportional to Q¥tc. Such a relation was clearly observed in the experimental data obtained by Ross et al. (1959) , JOHNSON et al. (1960) , BATES et al. (1960) , BURROW and NIDEN (1963) , STRIEDER et al. (1965) , FREYSHUSS and HOLMGREN (1965) , ASTRAND (1966), and BRASHEAR et al. (1966) . The value in parentheses in Eq. (1) is concerned with the diffusion rate around the red cells flowing through the lung capillary and the chemical reaction rate of CO with the red cells. Thus, the fact that the factor of Eq. (1) can be taken as constant among normal subjects seems to suggest that the ratio of FM to Fc should be almost identical in them. That is to say, it is conjectured that the value in the parentheses has only a small individual variation and that the DL varies mainly in proportion to the value of Q¥tc.If the DL and Q are measured in the same subject, therefore, the contact time, tc,ay also be evaluated. Recently, MOCHIZUKI et al. (1969) and FUKUI and KAKIUCHI (1970) measured the combination reaction of CO with hemoglobin, Fs, in a laked Hb-solution with PCO of 3 to 15mmHg at verious PO2'S. Using the reaction rate measured by FUKUI and KAKIUCHI, the velocity factor, Fc, in Eq. (1) can readily be calculated according to the equation derived by ROUGHTON (1932) . Furthermore, by using the relationship between Fc and PO2, the ratio of FM/FC can also be obtained by referring to the data on the relation between the DL and /PO2 as reported by KRUHOFFER (1954) and FORSTER et al. (1957) . Referring to both the FC and the ratio FM/FC we can finally obtain the value in the parentheses in Eq. (1). As a result, if the DL,Q, and Ht are measured in the same subject, the contact time may also be evaluated. Certainly, it may be desirable to obtain the ratio FM/FC in each subject by measuring the DL at various PO2 levels as it is usually figured according to the method of , but in actual measurements in which the DL is measured at most at 2 or 3 levels of PO2, the ratio FM/ 
METHOD
The DL was measured by the single breath method (FORSTER et al., 1954) according to the same procedure described in the foregoing paper. The cardiac output was measured in a supine position by using an N2O method in a body plethysmograph, as reported by MIYAMOTO et al. (1965) .
The contact time was calculated according to Eq. (1). The value in parentheses was calculated by the same method as that described by by referring to the data obtained by FUKUI and KAKIUCHI (1970) , KRUHOFFER (1954), and FORSTER et al. (1957) . In detail, 1/DL was plotted against 1/FC, and the DL at 1/FC=0 was taken as the value of the membrane component of DL, namely, DM. According to Eq. (1) the membrane and the red cell component, DB, of the DL should be given by Dm = Fm¥O¥Ht¥tc and DB=FCQ¥Ht¥tc ; therefore, FM/FC DM/DB. Thus, when the ratio DM/DB is obtained, the value of FM can easily be determined by referring to the Fc. For the velocity factor we used two values: one was the velocity factor of CO reaction obtained by FUKUI and KAKIUCHI in a laked Hb-solution Fs and the other was that of the red cell FC, which was calculated by use of ROUGHTON'S equation (1932) and the above FS value. In Fig. 1 , the 1/DL values obtained by KRUHOFFER and FORSTER et al. are plotted against 1/FC and 1/FS represented by circles and triangles, respectively. When the FS value was used instead of FC, the Dm value, and consequently the ratio DM/DB, became smaller than those obtained by the Fc value. When the value in parentheses in Eq.
(1) was taken as an average of the data of both KRUHOFFER and FORSTER et al., it was evaluated as 149 and 154 mmHg¥sec for the cases of Fs and Fc at 100mmHg PO2, respectively. If we assume that an error of a few percent in the value in parentheses may be permissible, the mean value of above 149 and 154mmHg. sec, namely, 152mmHg. sec, may be reasonable. Thus, we calculated the contact time by using 152mmHg. sec as the value of the term in parentheses in Eq. (1). Moreover, the pulmonary capillary blood volume Vc as calculated by the following formula:
RESULTS
The values of DL and Q were measured twice in 18 normal subjects and in 5 patients with silicosis. The physical characteristics of the 18 normal subjects and the 5 patients are tabulated in Tables 1 and 2 , respectively. The vital capacity values of the patients were considerably smaller than the predicted values. In the two subjects S. T. and Y. M., the DL and Q values were measured several Table 1 . Physical characteristics in normal subjects. to (MIYAMTO et al., 1965) . Between DL and Q values a positive close correlation was observed, as shown in Fig. 2 , where the correlation factor was 0.72. Scattering of the DL value per 1 liter • min-1 of the cardiac output DLIO was similar to that of the cardiac index, and the average was 5.7ml • min-1 • mmHg-1. The contact time calculated from DA showed a similar scattering of distribution to that of DL/Q. Actually, it ranged from 1.5 to 2.5 sec, and the mean was 1.9 sec. The capillary blood volume ranged from 60 to 170ml and showed a close correlation with the vital capacity, as shown in Fig. 3 , where the correlation factor was 0.70. In patients with silicosis the cardiac output was markedly reduced, as shown by the cardiac index in Table 5 . The cardiac index in patients was 1.8 liter • min-1• m-2 on an average and was significantly smaller than the values in normal subjects. On the other hand, since the DL was reduced in parallel with Q, as shown in Fig. 2 , the contact time as well as the DL/O value was almost identical with that of the normal subject. The capillary blood volume was in general very small and averaged 84ml. However, its distribution against the vital capacity seemed to be included in the same range as that obtained in normal subjects, as shown in Fig. 3 . Table 4 . The diffusing capacity, the cardiac output, and other values calculated from these in normal subjects.
DISCI TSSION
The contact time and the pulmonary capillarly blood volume have hitherto been obtained by measuring DL's at various levels of alveolar Po,. In other words, the membrane component of the DL was first obtained in each individual subject by referring to the velocity factor of the CO reaction derived by , and then the red cell component was evaluated to obtain the capillary blood volume. MOCHIZUKI and YOKOYAMA (1967) previously studied the ratio of the membrane component to the red cell with the expectation that the membrane component meant the CO diffusibility through a diffusion barrier around the red cells, and that, therefore, the components should be numerically in a close relationship to each other. As a result we found that the ratio varied over a wide range from 0, to 3.0 not only in patients, but also in normal subjects, and it was revealed that a considerable difficulty lies in the technique of obtaining the physiological range of the ratio. As shown in Table 4 , the average of the ratio DL/Q measured in 18 normal subjects was 5.7ml • liter-1• mmHg-1 and the standard deviation was 0.93ml • liter-1• mmHg-1. In view of the fact that the distribution of the DL/Q ratio had such a narrow dispersion, it may be safe to say that the overall velocity of the chemical reaction of CO with the red cell was distributed This agrees well with the values obtained by JOHNSON et al. (1960) which were obtained by use of 6. The 6 value given by ROUGHTON and FORSTER was calculated in a sheet model by using the Fs value which they measured. Recently, BLOCH (1962) showed that the red cells in the capillary deforms instantaneously as they travel along the capillary and suggested that the true reaction rate must be higher than that calculated in the model. The study of the true Fc value in the capillary will become very important in respect to obtaining the DMIDB ratio.
In patients with silicosis the DL was generally reduced as expected. However, since the cardiac output was also reduced, the DL/Q ratio lay almost within a physiological range. As already described in the introduction, the uneven distribution of ventilation and perfusion may reduce the DL and values at a ratio of r and r' respectively, where r and r' may be given as functions of the alveolar volume, the uptake rates of CO and N2O, and the breath-holding time. The r and r' values may be counterbalanced in the course of the calculation of the contact time, when the DL and are measured under appropriate conditions. When these are measured simultaneously as described by CANDER and FORSTER (1959) and others, the elimination of r and r' may better be attained. However, in view of the fact that the DL/Q ratios obtained in patients were almost identical with those of normal subjects, the counterbalance of r and r' seems to have been attained even in the present measurements.
The contact time of Table 5 obtained in patients suggests that even in a patient with diffusion impairments the velocity factor for diffusion, Fm, may not decrease at all. That is, the main cause of the diffusion impairment seems to consist in the reduction of the capillary blood volume.
